The plasma-amylase level is almost invariably raised at the height of an attack of acute pancreatitis. However, the diagnostic value of this is limited by the occasional finding of .qually high levels in patients with acute abdominal conditions which are not primarily acute pancreatitis. In our experience such " false-positive " findings have been commonly associated with a history of gastrectomy. In order to study this relationship we have reviewed, for the 10-year period January 1952 to December 1961, the 119 patients whose plasma-amylase levels were found to be above 1,000 units (Somogyi)/100 ml. Of these, 113 had acute abdominal symptoms resembling those of acute pancreatitis.
Method of Amylase Estimation
Plasma amylase was estimated by the method of Somogyi '1938) as described by King (1946) . In order to exclude false high results due to bacterial decomposition of the starch substrate the latter has been measured in 2-ml. quantities into rubber-capped tubes, sterilized by heating to 60' C. for one hour on three successive days, and stored in the refrigerator.
Where the amylase level has been high enough to reduce the digestion time below four minutes the estimation has been repeated after diluting the plasma with saline. Precautions were taken to avoid contamination with saliva. We find that hospital patients without obvious pancreatic disease, including those who have undergone abdominal operations, have levels of amylase in the plasma up to 300 units/100 ml. We accept a level of I,000 units/100 ml. as the minimum necessary to support a diagnosis of acute pancreatitis.
Subjects Investigated
Primary acute pancreatitis is best treated conservatively. If the diagnosis of acute pancreatitis is made wrongly, the error will not be serious if the appropriate treatment for the condition actually present is conservative also. If, however, the condition As one which demands urgent surgery, the mistake is likely to be fatal for the patient. The main clinical value of the amylase tlst lies in the differentiation of these two groups, and we have therefore classified the patients with high plasma-amylase levels into two major groups: (1) 91 patients with primary acute mncreatitis or some other condition (including secondary pacreatitis) not requiring urgent surgery, and (2) 22 patients with acute abdominal conditions (also including secondary pancrtatitis) which usually require urgent surgery (see Table I ). irn fact, several patients in group 1 were operated on, and several in group 2 were not. laparotomy in 18 (5 during the acute attack, 13 later) and at necropsy in five. In another three patients the pancreatitis followed gall-bladder surgery; these developed acute abdominal symptoms within 70 hours of the operation, at which the common bile-duct had been explored in each case, and the initial plasma-amylase levels were 9,000, 4,000, and 1,050 units/100 ml. The remaining patient was admitted as an acute abdominal emergency with a plasma amylase level of 3,200 units/100 ml., and made a good recovery on conservative treatment. Increasing jaundice led to laparotomy five weeks later, when carcinoma of the ampulla of Vater was discovered ; no mention was made of the pancreas in the operation notes. A. Those Without Gastrectomy (10) Four were suffering from a perforated peptic ulcer with generalized peritonitis, and initial plasma-amylase levels were 2,600, 2,000, 2,000, and 1,600 units/100 ml. In view of the overall clinical findings three were subjected to laparotomy, and two of these survived. The fourth patient, who was not operated on, died. In all four the pancreas was macroscopically normal. BRUSH Two patients had biliary peritonitis ; laparotomy was performed in each, and revealed a small perforation in an inflamed gall-bladder; both survived. Initial plasma-amylase levels were 2,000 and 3,200 units/100 ml. In one the pancreas was described as normal, whereas in the other it showed some enlargement and oedema but without fat necrosis.
One patient died within 12 hours of the onset of an attack of diarrhoea and severe abdominal pain with a plasma-amylase level of 2,000 units/100 ml. Necropsy revealed thrombosis of the superior mesenteric artery and a pancreas which appeared normal.
One patient with severe abdominal pain and a plasmaamylase level of 1,200 units/100 ml. died soon after admission, having been severely oliguric for at least 30 hours. At necropsy there was a ruptured aneurysm of the abdominal aorta, and the pancreas was normal in the gross and on section.
Two patients had pancreatic lacerations as a result of abdominal trauma which had also ruptured the small intestine, and initial plasma-amylase levels were 8,000 and 1,100 units/ 100 ml. Laparotomy was performed in each case and both survived.
B. Part-gastrectomy "False-positive" Cases (12) These cases are summarized in Table II . The gastrectomy was a Polya in 10, while in the other two it was of the Rouxen-Y and Billroth I variety.
There was evidence of afferent-loop obstruction at laparotomy or necropsy in 10 of the patients. In nine of these the gastrectomy was of the Polya type; in the tenth it was of the Rouxen-Y type. Six of the 10 had a leak from the duodenal stump or from the anastomosis, with generalized peritonitis. The interval between operation and afferent-loop obstruction was very variable: in four it was only two days, but in two it was as long as four and five years. The pancreas was described as normal in four (confirmed histologically in only one) and as being superficially inflamed owing to the peritonitis in another four. In two cases there is no record of the appearance of the gland.
In (Olson et al., 1960) . One case had undergone a Billroth I gastrectomy, and here the plasma-amylase level was probably raised as a result of damage during mobilization of the duodenum, either to the gland or its accessory ducts (M illbourn, 1949) or possibly to its blood supply (Burton et al., 1957 Perry (1956) developed symptoms with a plasma amylase of 2,000 units/100 ml. two months after a Polya gastrectomy ; after conservative treatment for seven days he died of peritonitis due to perforation of the afferent loop, and his pancreas was found to be normal at necropsy. Ballon and Niloff (1959) described two cases after total and partial gastrectomy respectively; plasma-amylase levels were 1,090 and 838 mg./100 ml. (units not defined). On the fifth day laparotomy was performed on one; but both died of peritonitis, and at necropsy both glands were normal. Howard (1960) mentioned briefly two patients who developed the same syndrome years after gastrojejunostomy and were treated conservatively, both dying from rupture of the duodenum. Hinshaw et al. (1960) reported four cases, all with plasma amylase levels of over 1,000 units/100 ml.; in three the operation was specified as Billroth II gastrectomy. A laparotomy was performed on three, of whom two survived ; the third died, as did the patient not operated upon.
It is evident from the literature cited that the mortality is high if the patient is not operated on promptly. Our experience has been the same (Table II) .
The first four false positives in this group included three cas of peritonitis. All were diagnosed as acute pancreatitis and treated conservatively, and all these patients died.
On subsequent occasions a history of gastrectomy was sought whenever a high amylase was recorded in the laboratory, and if MkCBAL IJISNAL such a history was present the surgeon was advised that the level should not be taken as evidence of uncomplicated acute pancreatitis. In the remaining eight cases a correct diagnosis was made in six and laparotomy was performed on four (Cases 5, 8, 9 , and 10), of which three survived and one died of a stroke; of the two not operated on, one (Case 12) was diagnosed as a mild uncomplicated afferent-loop obstruction and treated conservatively with success, while the other (Case 6) was considered unfit for operation and died. In the two remaining cases (Nos. 7 and 11) there was uncertainty about accepting this interpretation of the amylase level ; in one there had been operative trauma to the pancreas, and both showed considerable initial improvement on intravenous fluids and antibiotics; operation was withheld, and both died of peritonitis. We believe that correct interpretation of the amylase level would have led to operation in six patients who died, and might have reduced the overall mortality from eight to three.
Our interpretation of high amylase levels might have to be qualified if it were common for uncomplicated acute pancreatitis to occur after gastrectomy. We are not aware of such an occurrence in this hospital during the period under review. Warren (1951) described five cases, but in none was a plasmaamylase level of more than 1,000 units/ 100 ml. recorded, and in two there was perforation of the duodenal stump, supposedly the result of the pancreatitis ; in one other case (fatal) there was no confirmation of the diagnosis by laparotomy or necropsy. Dunphy et al. (1953) recorded three cases, but again none had a plasma-amylase level of over 1,000 units/100 ml., and two were found at necropsy to have peritonitis in the absence of any obvious leak. Burton et al. (1957) described five cases, but the only one with a plasma-amylase level of more than 1,000 units/ 100 ml. was in fact suffering from biliary peritonitis due to perforation of the common bile-duct; of the others, one had acute generalized peritonitis without any apparent leak. These published cases do not conflict with our thesis that a high plasma amylase after a gastrectomy is not likely to be due to uncomplicated acute pancreatitis.
The results in false positives without a history of gastrectomy were more favourable, because in 7 of the 10 cases the diagnosis of pancreatitis was not accepted on clinical grounds, and operations were performed with only one death. The three cases not operated on were one of perforated peptic ulcer, one of ruptured abdominal aortic aneurysm, and one of thrombosis of the superior mesenteric artery; all these patients died, but the second and third might well have died even with an operation.
Summary and Conclusions
We report a review of 113 patients with acute abdominal symptoms whose plasma-amylase level was more than 1,000 units (Somogyi)/100 ml. Of these, 91 (81%) were suffering from conditions which did not require urgent surgery; 90 had acute pancreatitis, which was " primary " in 86.
The remaining 22 (190%) patients were suffering from conditions which required urgent surgery, and just over half of this group had a history of gastrectomy. The complication of gastrectomy responsible for the patient's condition was usually afferent-loop obstruction, and perforation with generalized peritonitis was common; mortality was high if operation was not undertaken.
We conclude that whenever a high plasma-amylase level is found in association with an acute abdominal condition a history of gastrectomy should be sought. If it is present, the amylase level should be discounted as evidence of uncomplicated acute pancreatitis. Exclusion of these cases should considerably improve the practical value of plasma-amylase levels in the differential diagnosis of primary acute pancreatitis.
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